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Oungle-ply rubber sheets, based upon ethylene propylene 
diem et olymers (EPDM), have ste; t 
for root* membranes over the pa t 20 -<-a fix us« ,M PDM 
has significantly advanced the technology of roofing, par* 
ocularly for large, low-slope, commercial buildings-. This pap- 
er summarizes the physical properties of membrane samples 
obtained from 45 EPDM roofs that range from three to It 
years of age, and compares the data to laboratory heat ag- 
ing and xenon-are accelerated weather testing. Bask physi- 
cal properties such as tensile strength and elongation ate 
< dl samples. More s ph sat t ui 

dig tests, such as briuleness temperature, wore performed 
on some oft lie samples. The roof aged sheet properties arc 
i i • ' st i ! i f j i - i ets 
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INTRODUCTION 

EPDM polymer became commercially available in 196$, and 
by 1985 sheets were manufactured from formulations con- 
sisting of EPDM polymer, carbon black, process oil, zinc ox- 
ide arai curing agents. Sheets made from early formulations 
(mid- 1960) had excessive shrinkage doe to trie use of process 
oil that was too volatile. When the sheet was heated by the 
sntp some of the oil left the rubber and shrinkage occurred, 
The pioneers of EPDM formulations for roofing and water 
proof) of, quickly learned to use very low volatility oil that, 
would remain in the sheet and not cause long-term oil loss 
svhich induced shrinkage, 

By T9?fi, the formulation chemistry and inamifheluring 
technology was establ ted » protb el P heets th >< 
die proper balance of physical and chemical characteristics 
suitable for roof membranes. Not only was it necessary to 
have desirable properties initially engineered into the mem- 
hnrne. but the properties had to he. maintained above mini- 
mum levels for satisfactory long term performance. 

All roofing materials ar« affected b> the combined in- 
fluence of water, solar ultraviolet radius ton, heat, ozone and 
thermal cycling, Biological attack, atmospheric pollution and 
physical damage are additional factors that can diminish the 
performance- of the roofing membrane. Roof system design 
can magnify or minimize the exposure of die roof mem- 
brane to environmental stresses that cause deterioration and 
eventual failure of the roof system. Tin; combined affect of 
all these factors is so complex that even the most rigorous 
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long-term performance of roofing membranes and system 
components. 

An essential component of membrane performance evalu- 
ation for research purposes is the periodic inspection, sam- 
pling and laboratory testing of actual field aged roof sheet. 
$ rnples must he collected ti >m lis stem types, in hot and 
cold climates. Unusual exposure conditions must be exa- 
mined and taken into consideration to accurately assess the 
condition of the membrane. 

Studies x elating actual outdoor, real-time exposure to 
laboratory accelerated weathering have shown that EPDM 

bber sheets have i ig long ten th t i 

although certain physical properties do change as the ex- 
posure period increases. Even though EPDM has earned a 
reputation for its weatherability, some questions remain to 
be answered; 

9 What important physical properties change upon ex- 
posure? 

M How do aged -properties compare with ASTM D 4bEE 
new material standards and the Midwest Roofing Eon 
tractors Assoc » ' mance criteria 

for elastomerte membranes? 

* Can the age of an EPDM roof be determined by physi- 
cal property evaluation, surface appearance or thermal 
analysis? 

IS How do aged physical properties of EPDM membranes 
so exposed systems compare to membranes in protected 
systems? 

This paper will provide some insight on the answers to 
these questions. It must be emphasized that, the data present- 
ed herein is based upon long term exposure of Carlisle Syn- 
Tec Systems formulated sheet, 

THE TEST PROGRAM 

Membrane samples were cut from 45 roofs representing 13 
states. The samples were obtained from standard roofs (not 
erin 1 «* i i < not i re of th pro 

to col. The buddings are hospitals, colleges, schools, labora- 
tories, distribution centers, hotels, churches, stores, batiks, 
manufacturing facilities and offices. The roof systems are 
fully adhered (IS), mechanically fastened (4), ballasted (20) 
and "insulated" membrane assembly (3). 

The samples were tested for tensile strength and ultimate 
ttion in the machine direction using VSTM rest 
Method D 4 12.* The results are shown in Figures 1 through 
4. The tear resistance was determined in the machine direc- 
tion using ASTM Tesi Method D 624, - and the results are 
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shown in Figures Sand 6. Membrane hardness, determined 
with a Shore A Durometer as specified by ASTM Test Meth- 
od D 2240,* is shown in Figures 7 and' 8. 

Most of the samples were analyzed using thermogravhnet- 
ric analysis (TGA), and some of the samples were tested for 
glass ! irion tentperatui usi lifferenttal nnin 
ealorimetry {BUG). Both techniques are forms of thermal 
mal> ; in which a ] > < mpet t> fa ub; nee is tnea.s 
urec as a I n of ternperati I » >hy$ica > 

dtic hid 1 ma tetnj rai < ntha < r ! imensiot 

TGA measures the change in mass as a function of tern 
perature. The sample is heated af. a fixed rate in a controlled 
furnace atmosphere. As the sample is heated, components 
begin to volatilize. The resulting mass change versus tem- 
perature Curve (also called a thermogram) provides valua- 
ble information on the thermal stability and composition 
of the material It is important to remember that most of 
the information obtained from the TGA is empirical in na- 
ture— -that implies it is dependent on instrument parame- 
ters such h a f. i<<_ .» d sph ' i ondi ion round 
the sample. A standard thermogram is .shown in Figure 10. 
ft can be seen that as the sample is heated in a nitrogen at- 

>sphei p frtu m ! oil i ■ 'j p* 1 i ) 1 * < .1 t em ii < 
ously. After this step is completed, the atmosphere is 
switched to air and combustion of any other organic materi- 
al occurs. In the case of black EPDM rubber compounds, 
this component, is usually carbon black. At the end of the 
test, an ash remains which can be used for dement al analy- 
sis to determine -if the membrane contained ingredients like 
zinc oxide, titanium dioxide, talc, clay, mica. etc. Compari- 
son »f scans of una - id aged k nbnme give* us the abil 
if y to ni m toi h »■ th mated con cion 1*0 
long-term weathering. Tor instance, oil or plasticizer loss can 
be monitored and subsequently correlated to changes in 
physical properties. 

Differential scanning calorimeiry (DSC) measures the beat 
energy emitted or absorbed by the sample as the tempera- 
ture is increased at a controlled rate. For rubber, if is most 
useful for determining phase changes and the glass transi- 
tion temperature. The glass transition temperature is the 
midpoint of the temperature range where the sample 
changes from a rubbery to a bard and relatively brittle ma- 
terial. Five samples were subjected to DSC analysis and the 
glass transition temperature was compared to the brittieness 
temperature as determined by ASTM Test Method D 746.'* 
An example of a DSC analysts is shown in Figure 11. 

PHYSICAL PROPERTY TEST RESULTS 

The physical property test results were .separated into two 
ma t roups du. ha p< ed membranes n<s 'protect 
ed" membranes. Exposed membranes were taken from 
either fully adhered roof systems or mechanically-fastened 
systems. The term "exposed" means that the membrane was 
not protected by design from solar- radiation, Exposed mem- 
brane properties are shown in Figures 1, $, 5 and 7. Each 
bar represents a separate roof and the value* for tensile 

m i utd hard ) J ! , 

sitiou by position through each bar graph. As an example, 
the three-year old roof had a tensile strength of 10,(5 MPs, 

ligation ol it t 

and a hardness of SO, 

For tins paper, "protected" membranes are defined as bal- 



lasted or insulated (also known as protected membrane 
roofs). Figures % 4, 6 and 8 show protected membrane 
prop o,< s >;dla tern v< protection from 

solar radiation depending upon the ballast coverage densi- 
ty, and the Insulated membranes are protected by ins.nla- 
tion/balbst. 

Tbnsile Strength 

The tensik it n bs t mg< d fr< t M> ' to H 8 MI a for ex- 
posed membranes and 1 1-i to 13.7 Ml'a for protected mem- 
branes (see Figures 1 and 2). The A NTS! minimum require- 
ment for new sheet is 9.0 MPa and the MRCA minimum 
performance requirement is 6.0 MPa. All aged sheet tensile 
strengths exceed ASTM and MRCA requirements for new 
EPDM membrane. 

Elongation 

The ultimate elongations ranged from 230 to 530 percent 
fur exposed membranes and 290 to 480 percent for protect- 
ed membra tt.es (see Figures 3 and 4). The ASTM minimum 
requirement for new sheet is 300 percent and the MRCA 
minimum performance requirement is 250 percent. All 
sheet ultimate elongations, except the Foveas old exposed 
membrane (230 percent}, exceed the MRCA performance 
requirement for elongation. 

Tear Resistance 

Tear resistance ranged from 42.0 to 37.8 kNim for exposed 
membranes and 45,5 to 39.5 kN/ra for protected membranes 
(see Figures 5 and 6). The ASTM minimum requirement for 
h« t i- 0k? m > 1th MR< * icrfommnce requirt 
merit is S1..0 IcN/in. All aged sheet tear resistances exceed 
ASTM and MRCA requirements. 

Hardness 

Hardness ranged born 60 to 81 for exposed membranes arid 
62 io 76 for protected membranes (see Figures 7 and 8). 
There are no ASTM or MRCA requirements for hardness. 
Although there are no standard requirements for hardness, 
it is an important gauge to measure the cure state ot rub- 
ber articles. As EPDM sheets weather, the hardness general- 
ly increases. 'I be aged hardness can be compared to the 
original imaged hardness. 

Brittieness Temperature 

The brittieness temperatures ranged horn ~(>2°C for im- 
aged sheet to ~ 70 "( ; for aged membrane (see Figure 9). The 
ASTM minimum requirement for nev> sheet is - 43°Cand 

te MRCA pet > < i > ' si 

tested passed the low tempera! mt requirements. The low- 
er the brittieness point, the better the membrane, is for low 
t em pe ra t ure flexi b i 1 ity . 

Glass Transition Temperature 

The glass transition temperature remained at ~49°C for 
all samples; aged and new. Xo standard specification exists 
for glass transition temperature. 

Appearance 

Photographs were taken of new and aged membranes and 
enlarged to 2X. Figure 12 shows the surface appearance of 
protected KPDM membranes from five, eight and 10-year 
old reads compared to new membrane. Figure 13 is a pho 



